EV318282512 


IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 


APPLICATION FOR LETTERS PATENT 


***** 


Atomic Layer Deposition Methods Of Forming 
Conductive Metal Nitride Comprising Layers 


***** 


INVENTORS: 

Brenda K. Kraus 
Eugene P. Marsh 


ATTORNEY'S DOCKET NO. MI22-2310 


Docket No. MI22-2130 

* i 

Atomic Layer Deposition Methods Of Forming 
Conductive Metal Nitride Comprising Layers 


TECHNICAL FIELD 

[0001] This invention relates to atomic layer deposition methods of 
forming conductive metal nitride comprising layers. 


BACKGROUND OF THE INVENTION 

[0002] Integrated circuits are typically formed on a semiconductor 
substrate such as a silicon wafer or other semiconductive material. In 
general, layers of various materials which are one of semiconductive, 
conducting or insulating are used to form the integrated circuits. By way of 
example, the various materials are doped, ion implanted, deposited, etched, 
grown, etc. using various processes. A continuing goal in semiconductor 
processing is to reduce the size of individual electronic components, thereby 
enabling smaller and denser integrated circuitry. 

[0003] One type of circuit device is a capacitor. As capacitors continue 
to get smaller, there is a continuing challenge to obtain sufficient 


MI22\2310\P03.doc 


1 


Docket No. MI22-2130 

« i 

capacitance despite decreasing size. This has been approached by both 
developing improved materials and in the physical design of the capacitor, 
for example utilizing stacked and trenched constructions. Simple capacitors 
are made of two conductive electrodes separated by a dielectric region. 
Exemplary conductive materials for one or both of the electrodes are 
conductive metal nitrides, for example TiN. The invention was motivated in 
developing new methods of forming capacitor electrode layers containing 
conductive metal nitrides. 

[0004] While the invention was motivated in addressing the above 
issues, it is in no way so limited. The invention is only limited by the 
accompanying claims as literally worded (without interpretative or other 
limiting reference to the above background art description, remaining 
portions of the specification or the drawings), and in accordance with the 
doctrine of equivalents. 
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[0005] This invention includes atomic layer deposition methods of 
forming conductive metal nitride comprising layers. In one implementation, 
an atomic layer deposition method of forming a conductive metal nitride 
comprising layer includes positioning a substrate within a deposition 
chamber. A first species is chemisorbed to form a first species monolayer 
onto the substrate from a gaseous first precursor comprising at least one of 
an amido metal organic compound or an imido metal organic compound. 
The first species monolayer comprises organic groups. The chemisorbed 
first species is contacted with a second precursor plasma effective to react 
with the first species monolayer to remove organic groups from the first 
species monolayer. The chemisorbing and contacting are successively 
repeated under conditions effective to form a layer of material on the 
substrate comprising a conductive metal nitride. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] Preferred embodiments of the invention are described below 
with reference to the following accompanying drawings. 

[0007] Fig. 1 is a diagrammatic sectional view of a semiconductor wafer 
fragment in process in accordance with an aspect of the invention. 

[0008] Fig. 2 is a view of the Fig. 1 wafer fragment at a processing step 
subsequent to that shown by Fig. 1. 

[0009] Fig. 3 is a view of the Fig. 2 wafer fragment at a processing step 
subsequent to that shown by Fig. 2. 

[0010] Fig. 4 is a view of the Fig. 3 wafer fragment at a processing step 
subsequent to that shown by Fig. 3. 

[001 1] Fig. 5 is a view of the Fig. 4 wafer fragment at a processing step 
subsequent to that shown by Fig. 4. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 


[0012] This disclosure of the invention is submitted in furtherance of the 
constitutional purposes of the U.S. Patent Laws M to promote the progress of 
science and useful arts" (Article 1, Section 8). 

[0013] An exemplary method of forming a conductive metal nitride 
comprising layer using an atomic layer deposition (ALD) method in one 
preferred embodiment is described in connection with Figs. 1-5. The 
invention comprises an atomic layer deposition method, although such might 
be combined with chemical vapor deposition (CVD) or other deposition 
methods prior to and/or subsequent to an atomic layer deposition method as 
herein described and claimed. Accordingly, the conductive metal nitride 
comprising layers which are formed might result from using a combination of 
the inventive methods disclosed herein with CVD and other methods 
whether existing or yet-to-be developed. CVD and ALD are used herein as 
referred to in the co-pending U.S. Patent Application Serial No. 10/133,947, 
filed on April 25, 2002, entitled "Atomic Layer Deposition Methods and 
Chemical Vapor Deposition Methods", and listing Brian A. Vaartstra as 
inventor. This 10/133,947 application is hereby fully incorporated by 
reference as if presented in its entirety herein. 

[0014] Fig. 1 depicts a substrate 10 comprising some substrate 
material 12. In the context of this document, the term "semiconductor 
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substrate" or "semiconductive substrate" is defined to mean any 
construction comprising semiconductive material, including, but not limited 
to, bulk semiconductive materials such as a semiconductive wafer (either 
alone or in assemblies comprising other materials thereon), and 
semiconductive material layers (either alone or in assemblies comprising 
other materials). The term "substrate" refers to any supporting structure, 
including, but not limited to, the semiconductive substrates described above. 
Accordingly, material 12 might constitute one or more materials or layers, 
including conductive metal nitride comprising layers deposited in 
accordance with existing, inventive, or yet-to-be develop methods. By way 
of example only, if a capacitor was being fabricated, the outer surface of 
material 12 might comprise an insulative layer include a conductive node 
over which a capacitor electrode layer comprising a conductive metal nitride 
would be deposited. 

[0015] Substrate 10 is positioned within a suitable deposition chamber. 
Referring to Fig. 2, a first species is chemisorbed onto substrate 10 to form 
a first species monolayer 14 from a gaseous first precursor (i.e., P-i). The 
gaseous first precursor comprises at least one of an amido metal organic 
compound or an imido metal organic compound. In one exemplary preferred 
embodiment, the amido metal organic is a tetrakis amido metal compound. 
Where the layer to be deposited is to comprise hafnium nitride, an 
exemplary amido precursor is tetrakisdimethylamido hafnium. Exemplary 
alternate and/or additional materials include trichlorodimethylamido hafnium, 
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tetrakisdiethylamido hafnium and tetrakisethylmethylamido hafnium. Further 
and by way of example only, exemplary imido metal organic compounds 
include tris(diethylamido)ethylimido tantalum, 

bis( t butylamido)bis( t butylimido) tungsten, which in these examples are also 
amido precursors. Of course, the first precursor might comprise, consist 
essentially of, or consist of one or more of the various amido and/or imido 
metal organic compounds, including a combination of metal organics 
containing different metals. 

[0016] Fig. 2 depicts first species monolayer 14 diagrammatically as 
constituting MNR, and accordingly comprises organic groups. "M" refers to 
any elemental metal or combination of elemental metals, "N" is nitrogen, and 
"R" is one or more organic groups. The organic groups "R" might be the 
same or different. Alkyl groups are preferred, although any organic groups 
are contemplated. Metal "M" of the resultant metal nitride is preferably 
selected from the group consisting of any of metal groups 3, 4, 5, 6, 7, the 
lanthanide series and the actinide series of the periodic table, of course 
including mixtures thereof. Accordingly, the above metal organics could 
include any of these metals in addition to/in place of the stated hafnium. In 
addition to the exemplary hafnium nitride example given above, additional 
specific preferred examples include titanium nitride, zirconium nitride, 
tantalum nitride, tungsten nitride, niobium nitride, vanadium nitride and 
molybdenum nitride. 
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[0017] An exemplary preferred temperature range of the substrate 
during the chemisorbing is from 100°C to 600°C, with 200°C to 400°C being 
more preferred. An exemplary preferred pressure range is from 1 x 10" 5 Torr 
to 10 Torr, with a more preferred range being from about 1 x 10* 2 Torr 
to 5 x 10" 2 Torr. An exemplary preferred manner of delivering the gaseous 
first precursor to the chamber is by flowing an inert gas (i.e., He) over a 
heated liquid volume of the first precursor. An exemplary flow rate of helium 
for a six liter reactor is from 0 seem to 1000 seem, with a more preferred 
range being from 10 seem to 150 seem. Most preferably, the chemisorbing 
with the first species is void of any plasma. 

[0018] Referring to Fig. 3, the chemisorbed first species has been 
contacted with a second precursor plasma (i.e., P 2 ) effective to react with 
the first species monolayer to remove organic groups from the first species 
monolayer. Such is depicted in the formation of monolayer 14' wherein the 
depicted organic groups "R" are shown as having been removed. Of course, 
monolayers 14/14' might be less than completely saturated in formation 
and/or removal over substrate material 12, yet still constitute a monolayer in 
the context of the disclosure. 

[0019] Most preferably, the second precursor plasma comprises 
hydrogen, although such could be void of hydrogen. Exemplary preferred 
hydrogen containing second precursor plasmas comprise one or more 
of SiH 4 , Si2H 6 , BH3, B 2 H 6 and H 2 . Of course, the second precursor plasma 
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might comprise, consist essentially of, or consist of any one or more of 
these and other hydrogen containing materials. One preferred embodiment 
is a second precursor plasma which consists essentially of H 2 . 

[0020] Further preferably, the second precursor plasma is void of 
nitrogen. Yet nitrogen might be utilized, with an exemplary nitrogen 
containing second precursor plasma comprising, consisting essentially of, or 
consisting of NH 3 . By way of example only, another alternate exemplary 
second precursor plasma comprises CO, for example utilized with or without 
any hydrogen and/or nitrogen. 

[0021] An exemplary preferred temperature range of the substrate 
during the contacting with the second precursor is from 100°C to 600°C, 
with 200°C to 400°C being more preferred. An exemplary preferred 
pressure range is from 1 x 10~ 5 Torr to 10 Torr. An exemplary flow rate for 
the second precursor for a six liter reactor is from 25 seem to 25,000 seem, 
with a more preferred range being from 800 seem to 20,000 seem. 

[0022] In one exemplary embodiment, there is some period of time 
intermediate the chemisorbing and contacting wherein no gas is flowed to 
the deposition chamber. Further, some inert purge gas could also be flowed 
to the chamber intermediate the chemisorbing and contacting, and 
regardless of whether there is some time period therebetween when no gas 
is flowed to the deposition chamber. In one preferred embodiment wherein 
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the chemisorbing first species is void of plasma, the method comprises 
feeding the second precursor to the chamber in the absence of plasma 
during such chemisorbing with the first precursor. Accordingly in such 
instance, the reactive nature of the second precursor only manifests when 
such has been plasma activated, and which preferably occurs in the 
absence of any gaseous first precursor within the deposition chamber. 

[0023] The second precursor plasma can be generated from feeding the 
second precursor to the deposition chamber with plasma power being 
applied to the second precursor within the deposition chamber. Alternately 
or in addition thereto, the second precursor plasma can be generated from 
applying plasma power to a flowing second precursor externally of the 
deposition chamber, such as using remote plasma. Where plasma power is 
provided directly in the deposition chamber, the plasma power might be 
started prior to feeding the second precursor to the deposition chamber and 
continued while feeding the second precursor to the deposition chamber, or 
started after commencing feeding the second deposition precursor to the 
deposition chamber. Further, such plasma power might be continued after 
stopping feeding of the second precursor to the deposition chamber. 

[0024] The invention was reduced-to-practice in a six liter chamber 
containing an RF powered susceptor/support chuck and a grounded 
overhead electrode. Highest conductivity films were obtained when plasma 
power was started prior to feeding the second precursor to the deposition 
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chamber, continued while feeding the second precursor to the deposition 
chamber, and continued after stopping feeding of the second precursor to 
the deposition chamber for some period of time. Best results were also 
obtained when pressure within the chamber during the chemisorbing with 
the first precursor was lower than it was during the contacting with the 
second precursor. Preferably, pressure within the chamber during the first 
precursor chemisorbing is at least five times lower than during the second 
precursor contacting, and more preferably at least ten times lower. For 
example, an exemplary preferred pressure during flowing of the gaseous 
first precursor is about 200 mTorr, and while contacting with the second 
precursor plasma at about 5 Torr. 

[0025] The chemisorbing with the gaseous first precursor and the 
contacting with the second precursor plasma are successively repeated 
under conditions effective to form a layer of material on the substrate 
comprising a conductive metal nitride. For example, Fig. 4 depicts exposure 
of the Fig. 3 substrate to the gaseous first precursor effective to chemisorb 
another MNR monolayer 16 to monolayer 14'. Fig. 5 depicts subsequent 
exposure to a second precursor plasma, resulting in MN comprising 
monolayer 16'. 

[0026] The depicted examples are diagrammatic only. For example, the 
layer of material deposited in accordance with aspects of the invention might 
comprise, consist essentially of, or consist of a conductive metal nitride, as 
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well as in different phases and stoichiometrics. For example, where the 
conductive metal nitride stoichiometry would ideally be an equal atomic ratio 
of the metal atoms to the nitrogen atoms, the metal atoms might be present 
in the conductive metal nitride of the layer at an atomic ratio of greater than 
or less than 1:1. In one preferred example, the metal atoms are present in 
the conductive metal nitride at an atomic ratio of metal atoms to nitrogen 
atoms at greater than 1:1, for example which might increase conductivity 
(reduce resistivity). Further by way of example only, the conductive metal 
nitride could comprise other materials, for example carbon, such as 
represented to MN x C y . Preferably in such instance, carbon is present in the 
conductive metal nitride at an atomic ratio of carbon atoms to metal atoms 
of no greater than 1:3. For example with respect to hafnium nitride, some 
hafnium carbide (HfC) might also form and not be particularly detrimental, 
as hafnium carbide is itself a conductive material. 

[0027] By way of example only, it would typically be desirable to 
fabricate the layer comprising the conductive metal nitride, including 
nitrides, to have the highest conductivity (lowest resistivity) practical. In one 
preferred embodiment, the layer of material has a resistivity of no greater 
than 5x 10 3 microohmcm, more preferably no greater than 2 x 10 3 
microohmcm, and most preferably no greater than 1 x 10 3 microohm cm. 

[0028] The invention was reduced-to-practice in the deposition of an 
HfN film onto a semiconductor substrate in an 8-inch thermal and plasma 
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capable CVD tool, modified for ALD precursor pulsing. The gaseous first 
precursor utilized was tetrakisdimethylamido hafnium, which was contained 
in a glass bubbler heated to 43°C by a glycol-heated glass jacket on the 
bubbler. Helium gas was flowed at 40 seem over the precursor and into the 
chamber. The precursor and helium traveled through a valve at the top of 
the bubbler heated to 65°C and into a gas line heated to 90°C. Before 
entering the deposition chamber, the precursor and helium are stopped at a 
valve, also heated to 85°C, which was pulsed open for three seconds to 
allow the Hf and He into a showerhead heated to 100°C stationed at about 
2.5 inches above the wafer being deposited upon. 

[0029] The second precursor plasma was generated within the 
deposition chamber (by RF power applied thereto) from H 2 flowed to the 
deposition chamber at 10 slm. The gas line was not heated, but did have a 
valve that pulsed open for about eight seconds to introduce the H 2 gas 
through a side port into the chamber, by-passing the showerhead. RF 
plasma was generated by a ENI 0-1000 Watt generator. The power setting 
was 700 Watts and was controlled through software to pulse on ten seconds 
before the H 2 entered the chamber. The plasma stayed on through the H 2 
pulse for eight seconds and then continued another ten seconds during the 
pump out of the H 2 . 

[0030] Chuck temperature was set at 350°C. However due to heat loss, 
the wafer temperature was believed to be between 200° and 230°C. It is 
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believed that the plasma increases the temperature of the wafer, although 
the actual temperature of the wafer was not measured. 

[0031] The system was pumped by a Seiko turbopump mounted below 
the heated chuck. The throttle valve for the chamber was kept wide open to 
the turbopump, with the pressure of the chamber only affected by the 
precursor and hydrogen pulses. 

[0032] The sequencing for this atomic layer deposition as just 
described was as follows: 

One cycle : 

3 seconds - Hf precursor/He pulse into chamber 
5 seconds - pump out of precursor/He 

10 seconds before H 2 is pulsed in - RF turned on and pump out continues 
8 seconds - H 2 pulse into chamber, RF still on 
10 seconds - RF is turned off, pump out of H 2 occurs during this time 
35 seconds - pump out of H 2 continues 

[0033] The above sequence, constituting a single cycle, was repeated 
for a given number of such cycles depending upon the thickness desired. A 
deposition rate of about 1.6 Angstroms/cycle on a blanket wafer occurred, 
and 1.0 Angstroms/cycle for a structured wafer. 
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[0034] Best results were obtained with higher RF powers, for example 
at 700 Watts. Further, best results were obtained with higher H 2 flow rates, 
for example above 5000 seem. 

[0035] Resistivity was calculated according to the formula: 

Sheet resistance (ohms/square) x thickness (cm/100 = resistivity ((iohm cm) 

Sheet resistance was measured using a four point probe resistance tool. 
For a 322 Angstroms thick film, the resistivity was 827 microohmcm. A 
thinner film typically had a higher resistivity. For example, a 165 Angstroms 
film had a resistivity of 1316 microohm cm. 

[0036] Step coverage over 20:1 aspect ratio structures produced about 
67% coverage and the film was fairly smooth. 

[0037] Film composition showed the stoichiometry of the highest 
conductive films to predominantly comprise hafnium, nitrogen and carbon in 
the form of HfN and HfC. Analysis determined the stoichiometry of such 
films to be abut HfN 0 .48C 0 .26. Oxygen was only present at the surface of the 
film. 

[003°] The deposited films might have varying degrees of crystalline 
and/or amorphous phases. 


MI22\2310\P03.doc 


15 


Docket No. M I22-2 130 

[0039] In one example where plasma was not utilized with the second 
precursor, resistivity was approximately 1.34 x 10 7 microohm-cm. Further, 
use of H 2 , as opposed to NH 3 , yielded by far the lowest resistivity hafnium 
nitride films. On the other hand, ALD processing in accordance with the 
invention in the formation of titanium nitride comprising layers utilizing 
analogous titanium precursors, resulted in by far the lowest resistivity when 
utilizing NH 3 in the second precursor plasma. 

[0040] In some instances, it is believed that increasing nitrogen 
incorporation in the conductive metal nitride film tends to reduce the 
conductivity (increase the resistivity) of the resulting film. Again, best 
results were obtained if the plasma is turned on prior to feeding the second 
precursor to the chamber, even where there is no intervening gas flows 
between the first gaseous precursor feeding and the second gaseous 
precursor feeding. Sufficient material may still be present within the 
chamber to be able to strike and maintain a plasma for a sufficient period of 
time prior to feeding the second precursor to the chamber. By way of 
example only and not of limitation, it is theorized that the plasma after the 
self-limiting adsorption of the first precursor and prior to feeding the second 
precursor, may serve to remove some of the organic ligands containing 
nitrogen, thereby reducing the ultimate nitrogen content in the film and 
producing more productive nitride phases. 
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[0041] In compliance with the statute, the invention has been described 
in language more or less specific as to structural and methodical features. 
It is to be understood, however, that the invention is not limited to the 
specific features shown and described, since the means herein disclosed 
comprise preferred forms of putting the invention into effect. The invention 
is, therefore, claimed in any of its forms or modifications within the proper 
scope of the appended claims appropriately interpreted in accordance with 
the doctrine of equivalents. 
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